Analysis of the human VR (ref.
INTRODUCTION
Multigene families probably arose in evolution by amplification of a primordial gene. Unequal crossing-over was implicated as the most likely mechanism for the generation of multiple copies from ancestor sequences (3, 4) . Amplification can involve the coding as well as the flanking regions. This may be seen from the close similarity also in flanking sequences in different members of a multigene family. For some V gene families it was shown that sequence homologies between closely related genes extend far into the flanking regions (5, 6 ).
In a recent study (7) it was demonstrated that the human V., gene family is organized in clusters of closely related sets of genes which also display similar flanking sequences. However, the localization of a V KII pseudogene within a cluster of V KI sequences already suggested transposition as an additional mechanism in the evolution of the V v gene locus.
We now report on sequences in the human genome which are closely homologous to the flanking regions of linked V I , T genes but which also occur separate from the genes. These L sequences constitute a new repetitive sequence family of "L"ow copy number. The results can be interpreted by models involving excision or integration of V R or L sequences and subsequent amplifications.
MATERIALS AND METHODS
The methods used for cloning, restriction mapping and sequencing are described in the accompanying paper (8). The cosmid clones described in this paper were isolated from cosmid libraries I and II (8). High molecular weight placenta DNA was prepared according to ref. 9. Total RNA from cell lines was isolated as described in ref. 10.
The HeLa cell line was grown in Dulbecco's modified Eagle's medium fortified with 10 % fetal calf serum. The human cell lines Walker and NALM-1 were grown in RPMI 1640 fortified with 15 % fetal calf serum. The Walker cell line was originally isolated from Burkitt's lymphoma tissue by J. Magrath of the National Cancer Institute and obtained from H. Rodt, Gesellschaft fur Strahlen-und Umweltforschung Munchen (GSP). NALM-1 was isolated from a patient in an acute blastic phase of chronic myelogenous leukemia by J. Minowada et al. (11) ; it was obtained from K. Pachmann (GSF). DNA and RNA hybridizations High molecular weight DNA was digested with different restriction nucleases, transferred to nitrocellulose filters (12) and hybridized with the nick-translated DNA of M13 subclones at 68° C for 12 hs in 4xSSC, O.1 % SDS, ixDenhardt's solution (13) with a final washing step at 68° C in 1xSSC, 0.1 % SDS.
Total RNA from cell lines was separated by electrophoresis and transferred to nitrocellulose filters as described in ref.
14. Hybridization and washing conditions were as above.
Computer programs
The sequences were assembled and edited with the help of the programs developed by R. Staden (15). The programs DNMAHO, DNSEPA and DNPERC are described in ref. genes (17-19) we conclude that the 12 recombinant cosmid clones contain no V gene sequences. By restriction mapping experiments the sequence of the large V subclone 1-1 which is responsible for the positive hybridization signal with the 12 cosmid clones was shown to be confined to a region of about 7OO to 1900 bp downstream of the V R gene. Four of the 12 cosmid clones were selected for a more detailed analysis (Fig. 1A) . The overlapping inserts of cos 15 and cos 20 display an identical restriction map for about 20 kb and therefore probably contain identical genomic DNA. By restriction mapping and hybridization with subclone 1-1 the cross-hybridizing regions on cos 15, 20, 27 and 31 could be localized to restriction fragments of 700-900 bp length (expanded maps in Fig. 1A ). Subclone 20-1 which contains the region cross-hybridizing with the 3' flanking sequence of the V v gene located KX on subclone 1-1 ( Fig. 1A ) was used to map homologous (L) regions on cosmid clones isolated from three libraries. L sequences are therefore, on the one hand, characteristic for the flanks of a set of V« T genes and, on the other hand, occur separate from V,, genes on 12 recombinant cosmids. The homologous region common to those sequences define the L sequences. Restriction sites in A and B which could not be localized unequivocally are given in brackets. Abbreviations for restriction nucleases are: Ac, AccI; Al, Alul; Bm, BamHI; Bg, Bglll; Cl, Clal; HII, Hindi; HIII, Hindlll; Hp, Hpall; HI, Hpal; Kp, Kpnl ; Nr, Nrul; Ps, PstI; Pv, Pvul; RI, EcoRI; S3A, Sau3AI; S96, Sau96; Sc, Sad; SI, Sail; Sm, Smal; Ss, SstI; Tq, TaqI; Xh, Xhol. (Fig. 2) homology between cos 27, cos 20, and the V flanking sequences of Va and Ve decreases rapidly, but an exact 3 1 end of the L sequences is difficult to define (Fig. 2) . Contrary to this the homology between the V VT flanks extends far into the 5' and 3' directions. With the relative positions 454 and 955 (Fig. 2) as limits a consensus sequence of about 500 bp can be derived from all L sequences.
Since a large number of gaps have to be introduced to align the L sequences (Fig. 2) it is very unlikely that they code for a common polypeptide. In addition, no long open reading frames common to all L sequences are present.
A sequence of 368 bp homologous to the Alu family (20) was found in cos 31 located just 5' of the L sequence (Fig. 2) . L sequences are present in the human genome in a low copy number To estimate the copy number of L sequences placenta DNA digests were hybridized with subclones containing all or part of the L sequence (20-16 and 20-9, respectively; Fig. 1 ). The digests -3 (d) , and with the L sequence subclone 20-9 (e). The probes used on track d and e were of similar size and, within the experimental error, of the same specific radioactivity. The filters were exposed with an amplifying screen. M1 and M2 are molecular size markers; sizes are in kb.
were also hybridized with the "BLUR8" subclone (20) and the V RI specific probe 1-3 (8) . The former subclone detects Alu sequences which are supposed to be present about 10 times in the human genome (for a review see ref. 21). The copy number of V genes is estimated to be 25 to 5O (refs. 17-19) but it may also be twice as high.
An example of a hybridization experiment with L sequences is shown in Fig. 3 . Subclones 2O-16 and 20-9 detect a well defined set of restriction fragments superimposed on a low background. The L sequence pattern is similar to the pattern of cross-hybridizing V R sequences with regard to its complexity and signal intensity and very different from the pattern yielded by hybridization with the Alu sequence subclone. The latter hybridization results in signals which are orders of magnitude more intensive (not shown) than the signals shown in Fig. 3 . It is difficult to determine exactly the number of bands in autoradiograms of hybridization experiments with a divergent sequence family as the L sequences (Fig. 3) . Their copy number can therefore only be roughly estimated; it appears to be in the range of 10 2 .
L sequences are not transcribed in three different cell lines Total RNA isolated from the human lymphoid cell lines NALM-1, Walker, and from HeLa cells was hybridized with the L sequence subclone 20-16. Since no reproducible signals would be detected we conclude that L sequences are not transcribed in these cell lines to an appreciable extent. A transcription at certain stages of B cell differentiation can, of course, not be excluded. Two models can be envisioned which are in accordance with the structural features of the L sequences (Fig. 4) . A deletion and/or transposition event in an ancestor V v gene could have been initiated by the stem and loop structure. This event may result in the removal of the V,, gene and in joining of the remaining flanking sequences. Further amplifications and transpositions would result in the dispersed organization of the L sequences (Fig. 4) . In this scheme the higher homology (about 90 %) among the 3' V-flanking sequences compared to the one among the dispersed L sequences (75-77 %) might be due to rectification processes within the V K gene cluster.
An alternative model would consider L sequences as constituents of a rather diverged family of dispersed sequences which originally were not linked to immunoglobulin genes. One member of this family might have become fortuitously linked to an ancestor V-, T gene after the generation of the V,, subgroup. This ancestor V RI gene which is linked to a copy of an L sequence would then be amplified. In any case, the L sequences can be regarded as molecular footprints in a hierarchy of amplification steps generating the V., gene locus.
